This paper examines the water quality of the Aboabo River in Kumasi, Ghana using the Canadian Council of Ministers of the Environment water quality index (CCME-WQI).Water samples were collected from five sampling stations namely; Pankrono, Moshie Zongo, Aboabo, Asokwa and Atonsu. The model employs both bacteriological and physicochemical parameters namely Escherichia coli (E-Coli), pH, Temperature, Total dissolve solids, Total phosphate, Nitrate, Biological oxygen demand (BOD) and Dissolved oxygen (DO) in the determination of the water quality index of the Aboabo River. Findings of the model classify the Aboabo River as poor with overall water quality index of 17.05. Station indices developed using the model were 19.87, 19.60, 15.67, 14.40, 15.73 for Pankrono, Moshie Zongo, Aboabo, Asokwa and Atonsu respectively. The index at each station classifies the River as poor. The deteriorating nature of the Aboabo River is directly linked to poor sanitary conditions prevalent in the Aboabo Catchment as well as the presence of cottage industries that discharge their effluent into the river.
Introduction
The ravaging trends at which surface water resources are deteriorating have been a matter of concern for the international community (United Nations Environment Programme [UNEP], 1997) . At the centre of this phenomenon are anthropogenic activities which are the major causatives of pollution of surface water resources (Danquah, Abass, & Nikoi, 2011) . As acknowledged by Chimnoy and Raziuddin (2002) , the influence of waste water on the quality of water bodies cannot be overlooked. The effect due to the pollution of these vital resources is seen in the destruction of various species of aquatic flora and fauna (Devi & Kothathi, 2012) . In addition to this, is the fact that these resources are rendered unwholesome for drinking (UNEP, 2006) and even for other beneficial purposes such agriculture and industrial use.
Water quality therefore becomes a useful tool in ascertaining the extent of pollution or otherwise of a water body and hence the implementation of the appropriate measures to curb the issue of pollution of water sources. The quality of water is determined by comparing physical, chemical and bacteriological parameters of water samples with established water quality guidelines. The guidelines are established based on scientifically acceptable levels of toxicity to either human health or aquatic life (Al-Janabi, 2012) .
In this study, the Canadian council of ministers of the environment (CCME-WQI) model has been used in the assessment of the pollution level of the Aboabo stream. The study sought to use this model due to its simplicity but robust nature of reporting water quality issues (UNEP, 2007; CCME, 2001 ). It provides a simplistic way of interpreting water quality parameters and hence its influence on policy makers and the general public. It is however not a substitute for detailed analysis of data (Khan, Paterson, & Khan, 2004) . Essentially, the model uses three elements namely; Scope -the number of water quality parameters (variables) not meeting water quality objectives (F1); Frequency -the number of times the objectives are not met (F2) and Amplitude -the extent to which the objectives are not met (F3). These are fixed in mathematical expressions to arrive at water quality indices used in determining the quality of the water body. The study assesses the water quality of the 
Conceptual Framework of CCME-WQI Model
The water quality index (WQI) developed by the Canadian council of ministers of the environment (CCME) employs the combination of three essential measures of variance (Scope, Frequency and Amplitude). The combination of these measures of variance produces a set of range of values (Table 1) classifying quality of water into five classes namely; poor, marginal, fair, good and excellent. The detailed formulation of the WQI as described in the Canadian WQI Technical report is as follows:
Scope (F 1 ) represents the extent of water quality guideline non-compliance over the time period of interest. Mathematically, F 1 is expressed as indicated in Equation 1.
The measure of frequency (F 2 ) represents the percentage of individual tests that do not meet objectives (failed tests). Shown in Equation 2 is the estimation formula. / * 100
The measure of Amplitude (F 3 ) represents the amount by which failed tests do not meet their objectives and is calculated in three steps as follows;
Step 1: Calculation of Excursion
Excursion is the number of times an individual concentration is
(1) Greater than the objective when the objective under consideration is maximum. In this case the excursion is calculated as / 1
(2) Less than the objective when the objective under consideration is minimum. The expression for the excursion in this case is given in Equation 4 / 1
Step 2 
Step 3: Estimation of F 3 (Amplitude) F 3 (Amplitude) is calculated by an asymptotic function that scales the normalized sum of the excursions from objectives to yield a range of values from 0 to 100. / 0.01 0.01
Finally, the CCME-WQI is calculated using Equation 7 100 .
www.ccsenet.org/jsd Journal of Sustainable Development Vol. 6, No. 10; 2013 4 The drinking water objectives established by WHO (Table 2) formed the basis with which samples from the study river were compared. Adopted from WHO (2011).
Results and Discussions
The water quality indices have been developed to reflect the Physico-chemical and Bacteriological quality of surface water resources in this case the Aboabo River. Findings from the model are an indication of the deteriorating nature of the river along all the stations of the river where readings were taken (Figure 2 The result of pH varied between 6.5 and 7.8 (Table 3) with the maximum pH of 7.8 occurring at Aboabo. The recorded ranges of pH for this study were found to be within the range of 6.5-8.5 stipulated for drinking and domestic purposes (WHO,1993) Temperatures ranged between 25.8 °C and 36.2 °C (Table 3 ). According to Brungs and Jones (1977) , the permissible temperature range for sustaining aquatic life from microbes to fish is 5 °C -35 °C. A correlation analysis revealed that about 65% of the variability in temperature can be explained by turbidity.
Meanwhile, observed values of Total Phosphorus ranged between 0.02 and 23.60 mg/l. This exceeded the recommended guideline value of 0.03 mg/l for freshwater sources. (Government of Canada, 2008) . Station variations of Total phosphorus were found to be statistically significant (p < 0.05). Although phosphorus is an essential nutrient for plant growth and for biological metabolism, Tjandraatmadja et al. (2010) argues that, excessive discharge into aquatic environments can result in excessive algae growth, eutrophication and the depletion of oxygen in water bodies. Mean concentration of Total Phosphorus was found to be high (15.78 mg/l) in Aboabo. This probably could be attributed to the poor sanitary conditions and the discharge of wastewater into the Aboabo River.
The concentrations of Nitrate ranged from 0.23 mg/l to 10.20 mg/l. All the sampling stations had concentrations far below the 50 mg/l guideline value recommended by WHO (WHO, 2011) . Therefore the assertions by Boatman et al. (1999) and UNEP (2008) concerning excessive Nitrate concentrations resulting in human health problems such as methaemoglobinaemia (blue baby syndrome), stomach cancer and negative reproductive outcomes does not call for immediate concerns.
Total dissolved solids are also an important parameter when looking at water quality. Results obtained indicate a range of 96.5 to 700 mg/l. These values were within the acceptable limits of 1000 mg/l recommended by WHO. However, WHO (2011) reports that TDS levels less than about 600 mg/l is generally considered to be good whereas levels above 1000 mg/l raises palatability concerns. Vol. 6, No. 10; 
